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Description 

FIELD OF THE INVENTION 

This inventton relates to a method for detecting par- 
tial discharge in an insulation of an electric power cable 
to diagnose the deterioration of the Insulation. 

BACKGROUND OF THE INVENTION 

An electric power cable system comprises a plurality 
of electric power cables which are connected to provide 
power cable lines by normal joints, insulating joints, etc., 
wherein the power cable lines are connected through ter- 
minal joints at both ends to high voltage conductors. 
Each of the power cables comprises, for instance, an 
electric conductor, an inner semi-conductive layer pro- 
vided around the electric conductor, an Insulation provid- 
ed around the semi-conductive layer to insulate the elec- 
tric conductor, an outer semi-conductive layer provided 
around the insulation, a metal sheath provided around 
the outer semi-conductive layer, and an anti-corrosion 
layer of poly-vinyl chrolide provided around the metal 
sheath. In this power cable system, the metal sheath is 
connected, typically, at the normal joints, the terminal 
joints, etc. to the ground by lead wires. 

In detecting partial discharge in the insulatbn of the 
power cable, a high voltage applied to the power cable 
system is turned off to stop operation thereof, and a de- 
tecting impedance is inserted into a selected one of the 
lead wires connecting the metal sheaths to the ground. 
Furthermore, an apparatus for detecting the partial dis- 
charge is connected to both terminals of the detecting 
impedance. Then, a predetermined high voltage is ap- 
plied to the electric conductor of the power cable, so that 
the partial discharge occurs at deteriorating or defect 
portions of the insulation, thereby generating a high fre- 
quency pulse therein. This high frequency pulse Induces 
a high frequency current flowing through the lead wire, 
so that an electric potential difference is generated 
across the both terminals of the. detecting impedance. 
The electric potential difference is detected in the partial 
discharge detecting apparatus to diagnose the deterio- 
ration of the insulation. 

In the other method for detecting the partial dis- 
charge in the insulation of the power cable, the detecting 
impedance is inserted between a coupling capacitor, 
which is connected to the high voltage conductor con- 
nected through the terminal joint to the electric conductor 
of the power cable, and the ground, and the apparatus 
for detecting the partial discharge is connected to the 
both terminals of the detecting impedance. The partial 
discharge is detected in the same manner as described 
in the former method. 

However, the conventional method for detecting par- 
tial discharge in an insulation of an electric power cable 
has a first disadvantage in that the reliance of the electric 
power cable system is lowered, because the selected 
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lead wire is removed to insert the detecting impedance 
between the metal sheath and the ground, and an orig- 
inal state is restored, after the partial discharge detecting 
procedure is over. Furthermore, second and third disad- 
s vantages are observed in that operation of the power ca- 
ble system is interrupted as described before, and in that 
the detecting operation is troublesome, because the in- 
sertion of the coupling capacitor is inevitable. In addition, 
there is a fourth disadvantage in that the high frequency 
10 pulse is attenuated to be propagated to the coupling ca- 
pacitor in the latter method, and the coupling capacitor 
must withstand a high voltage. More additionally, fifth to 
seventh disadvantages are found in that a high detecting 
sensitivity of the high frequency pulse is not obtained, 
because the power cable is exposed to external noise, 
and an overall capacitance of the power cable is large, 
in that a S/N ratio is lowered, where a measuring fre- 
quency is coincident with a frequency at which a noise 
level is high, and in that a calibration of the apparatus for 
detecting the partial discharge is difficult in operation, 
where the partial discharge is detected at the normal 
joints, the insulating joints, the cable insulation, etc. 
which are remote from the terminal joints, because a cal- 
ibration pulse is applied to the high voltage conductor 
connected to the electric conductor of the power cable. 

The document EP-A 0 182 488 relates to a method 
for remotely measuring the Installation state of a com- 
munication cable buried underground. In more detail, 
pressure, temperature and humidity in a cable and a ca- 
ble joint case are detected. A capacitor and an inductor 
composing a resonance circuit is used for a sensor. In- 
formation from the resonance circuit placed in the cable 
joint case is remotely detected by a transmitting and re- 
ceiving apparatus. 

In the document JP-A 62-01 1 1 77, a calibration pulse 
is injected across a high voltage conductor and a cable 
sheath for the calibration. In general, a calibration pulse 
generator cannot withstand a high voltage, so that the 
sensitivity is not calibrated at a live state. 

It is therefore the object of the present invention to 
provide a method of calibrating a partial discharge pulse 
having a small level. 

This object is achieved by a method according to 
claim 1 . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The Figs 1 A to 1 C are explanatory diagrams show- 
ing conventional methods for detecting partial discharge 
in an insulation of an electric apparatus. 

Figs. 2A and 2B are an explanatory diagram and an 
equivalent circuit for calibrating operation in a con- 
ventional method for detecting partial discharge in 
an insulation of an electric apparatus, 
Figs. 3A to 3C are a frequency spectrum of noise 
obtained from an electric power cable, 
Figs. 4 to 7 show methods for detecting partial dis- 
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charge in an Insulation of an electric power cable in 
first to fourth preferred embodiments according to 
the invention, 

Figs. 8 and 9 are an explanatory view, and a circuitry 
diagram for carrying out calibrating operation in a 
method for detecting partial discharge In an insula- 
tion of an electric power cable, 
Figs. 1 0A and 1 0B are equivalent circuits for explain- 
ing calibrating operation in the invention and the 
prior art, 

Figs. 11 to 13 are an explanatory view, a circuitry 
diagram, and an equivalent circuit for calibrating 
operation in a method for detecting partial discharge 
in an insulation of an electric apparatus In a sixth 
preferred embodiment according to the invention, 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Before explaining a method for detecting partial dis- 
charge an insulation of an electric power apparatus in a 
preferred embodiment according to the invention, the 
aforementioned conventional methods for detecting par- 
tial discharge will be explained. 

Figs. 1 A to 1 C show an electric power cable line, to 
which the conventional methods for detecting partial dis- 
charge In an insulation of a power cable, comprising 
power cables 1 which are connected to each other by a 
normal joint 2, and each of which Is connected to a high 
voltage conductor 4 by a terminal joint 3 are applied. Met- 
al sheaths (not shown) of the power cables 1 are con- 
nected at the normal joint 2 and the terminal joint 3 to the 
ground by lead wires 5 and 6, respectively. 

In Fig. 1 A, a detecting impedance 9 Is Inserted be- 
tween the metal sheath and the ground by use of the 
lead wire 6 connected to the terminal joint 3, and an ap- 
paratus 10 for detecting partial discharge is connected 
to both terminals of the detecting impedance 9. In addi- 
tion, a coupling capacitor 8 Is connected between the 
high voltage conductor 4 and the ground, thereby pro- 
viding a closed circuit for the partial discharge detection. 

In Fig. 1 B, a coupling capacitor 8 is provided be con- 
nected at one electrode to the high voltage conductor 4 
and at the other electrode to the detecting Impedance 9, 
and a choke coll 7 is provided to stop a high frequency 
pulse to be passed therethrough and allow the high fre- 
quency pulse to be passed through the coupling capac- 
itor 8. As a matter of course, the partial discharge detect- 
ing apparatus 10 Is connected to the both terminals of 
the detecting Impedance. 

In Fig. 1 C, the detecting impedance 9 is inserted be- 
tween the metal sheath and the ground by use of the 
lead wire 5 connected to the normal joint 2, and Is con- 
nected at the both terminals to the partial discharge de- 
tecting apparatus 10. 

In operation, a predetermined high voltage is applied 
to the high voltage conductor 4. Where partial discharge 
occurs In the insulation of the power cable 1 , especially 



at the normal and tenminal joints 5 and 3, a high frequen- 
cy pulse is induced between the electric conductor and 
the metal sheath, so that an electric potential difference 
is generated across the both terminals of the detecting 
5 impedance 9 in accordance with the flowing of a high 
frequency current through the detecting impedance 9 
from the metal sheath to the ground. The electric poten- 
tial difference is detected by the apparatus 10. so that 
the deterioration of the insulation is diagnosed in the ap- 
10 paratus 10. 

Next, the calibration of the partial discharge detect- 
ing apparatus 10 will be explained In Fig. 2A, wherein 
like parts are indicated by like reference numerals as 
used in Fig. 1C, except that a calibration signal generator 
IS 11 is connected to the high voltage conductor 4 and the 
metal sheath of the terminal joint 3, and a coupling ca- 
pacitor 8 of a capacitance C|^ is connected between the 
high voltage conductor 4 and the ground. 

Fig. 2B shows an equivalent circuit corresponding 
20 to the construction of Fig. 2A. In Fig. 2B, the calibration 
signal generator 1 1 supplies a high frequency pulse hav- 
ing a voltage Vq through a capacitor of a capacitance 
Cq across the conductor 1 2 and the metal sheath 14 of 
the power cable 1, between which a capacitor 13 of a 
25 capacitance Cq is formed. Thus, the high frequency 
pulse flowing through the capacitor 1 3 is partially shunt- 
ed into the detecting impedance 9, so that an electric po- 
tential difference Is generated across both terminals of 
the detecting Impedance 9. Then, the sensitivity calibra- 
30 tion of the partial discharge detecting apparatus 10 Is 
carried out. 

Here, If it is assumed that an apparent charge of dis- 
charge which is carried out by the capacitor 1 3 is Q, and 
an electric potential difference across the capacitor 1 3 Is 
3S , the equatton (1 ) obtained 

Q = Vq-Cq = V, -Cc (1) 

From the equation (1), the equation (2) is obtained. 

V, (2) 
c 

In an actual power cable system, a length of a power 
cable line Is, for Instance, several Km. so that the capac- 
itance Cc is much greater than the capacitance Cq {Cq 
^ > Cq). Consequently, the voltage becomes very 
small, so that the calibration of the partial discharge de- 
tecting apparatus 10 is difficult in operation to be carried 
out. In other words, the high frequency pulse Vq is at- 
tenuated to reach the normal joint 2, at which the partial 
discharge detecting apparatus 10 is located to be con- 
nected across the detecting impedance 9. 

In the explanation of the methods for detecting par- 
tial discharge in the insulation of the power cable system, 
frequency dependency of noise which has been con- 
^ firmed by the inventors will be finally explained. 

In the detection of the noise frequency dependency, 
the method as shown in Fig. 1 B is used, wherein a length 
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of the power cables 1 is 1 0 Km, and the partial discharge 
detecting apparatus 1 0 Is of a frequency-sweep type sig- 
nal intensity detector. 

Figs. 3A to 3C show a frequency spectrum of noise 
which is received by the apparatus 10, where no voltage 
is applied to the conductors of the power cables 1 . As 
clearly Illustrated, Fig. 3A shows the frequency spectrum 
ranging up to 10 MHz which is characterized by having 
a high level of noise in the vicinity of 4 MHz, and Figs. 
SB and 3C show enlarged frequency spectrums which 
cover ranges of 3 to 5 MHz and 3.8 to 4.2 MHz. respec- 
tively. As shown, especially, In Fig. 3C, noise is high in 
its level at 3.82 MHz. and 3.92 to 3.95 MHz. and low at 
3.88 MHz. and 4.0 to 4.14 MHz. It should be noted that 
the noise level is lower at 3.88 MHz than at 3.82 MHz by 
approximately 35 dB. 

The inventors have confirmed that partial discharge 
according in an insulation of an electric power cable is 
also of a frequency spectrum similar to that as described 
above, because: 

(1 ) a circuit structure of an electric power cable sys- 
tem is complicated to have a number of inductance 
and capacitance components, by which resonance 
and anti-resonance are generated at various fre- 
quencies, so that an amplitude of a signal is compli- 
catedly varied dependent on a frequency of the sig- 
nal; and 

(2) a high frequency pulse is reflected to go fonA^ard 
and back along an electric power cable line in 
accordance with the mismatching of impedance, 
thereby generating a standing wave, so that a high 
detecting sensitivity is obtained, where a peak point 
of the standing wave is positioned at a detecting 
location, while a low detecting sensitivity is obtained, 
where a nodal point of the standing wave is posi- 
tioned at the detecting location. 

Now, a method for detecting partial discharge in an 
insulation of an electric power cable in a first preferred 
embodiment according to the invention will be explained. 

In Fig. 4. an electric power cable 1 comprises a cop- 
per electric conductor 91 , an inner semi-conductive layer 
92 including conductive carbon, a cross-linked polyeth- 
ylene insulation 93, an outer semi-conductive layer 94 
including conductive carbon, and an aluminum metal 
sheath 95. In the power cable 1, the metal sheath 95 is 
partially removed as indicated by reference numerals 97, 
thereby providing an isolated metal sheath 96 function- 
ing as a detecting electrode. As a result, a detecting ca- 
pacitor is formed by the isolated sheath 96 and the con- 
ductor 91 sandwiching the insulation 93 therebetween. 
The detecting impedance 9 is connected at one terminal 
to the isolated sheath 96, and at the other terminal to the 
metal sheath 95 by jumper wire 98, and the partial dis- 
charge detecting apparatus 10 is connected to the both 
terminals of the detecting impedance 9. 

In operation, it is assumed that partial discharge oc- 



curs in the insulation 93 between the isolated sheath 96 
and a corresponding region of the conductor 91. Thus, 
a partial discharge signal which is a high frequency sig- 
nal flows through the detecting impedance 9, so that the 
s high frequency signal is detected in the partial discharge 
detecting apparatus 10 in accordance with a voltage 
generated across the detecting impedance 9. 

Fig. 5 shows a method for detecting partial dis- 
charge in an insulation of an electric power cable in a 
70 second preferred embodiment according to the inven- 
tion, wherein like parts are indicated by like reference 
numerals as used in Fig. 5, except that the two detecting 
impedances 9a and 9b are provided at the sheath re- 
moved portions 9a and 9b to be connected across the 
IS sheath 95 and the isolated sheath 96, respectively, and 
the two partial discharge detecting apparatus 10a and 
10b are provided to receive voltages generated across 
the detecting impedances 9a and 9b, respectively 

In the second preferred embodiment, partial dis- 
charge can be precisely detected, even if the two sheath 
removed portions 97 are relatively remote from each oth- 
er to result in a long isolated sheath 96, because a partial 
discharge signal is received by any one of the partial dis- 
charge detecting apparatus 1 0a and 1 0b, before the par- 
tial discharge signal is attenuated. 

Fig. 6 shows a method for detecting partial dis- 
charge in an insulation of an electric power cable in a 
third preferred embodiment according to the invention, 
wherein like parts are indicated by like reference numer- 
als as used in Fig. 4, except that the detecting impedance 
9 and the partial discharge detecting apparatus 10 are 
connected across the metal sheath 95 separated at the 
insulating joint 20 including a connecting sleeve 99 for 
connecting the conductors 91 and an auxiliary electrode 
100 provided on a poly-vinyl chloride sheath 101 cover- 
ing the metal sheath 95. At the insulating joint 20. gen- 
erally, a high voltage happens to be applied to the metal 
sheath 95, where an accident such as ground fault, etc, 
occurs in the power cable line. Even if such a high volt- 
age Is generated thereon, a high voltage proof capacitor 
is formed between the auxiliary electrode 100 and one 
of the separated sheaths 95, so that the partial discharge 
can be detected at the insulating joint 20. 

Fig. 7 shows a method for detecting partial dis- 
charge in an insulation of an electric power cable, where- 
in like parts are indicated by like reference numerals as 
used in Figs. 4 to 6, except that a gapless arrester 102 
is connected between the metal sheath 95 in the vicinity 
of the sheath removed portion 98 and the detecting im- 
pedance 9a. and a coupling capacitor 103 is connected 
between the metal sheath 95 and the detecting imped- 
ance 9b. The gapless arrester 1 02 protects the detecting 
impedance 9a and the partial discharge detecting appa- 
ratus 10a from a surge voltage, and provides a coupling 
capacitance in the partial discharge detecting system. 
The separated metal sheath 95 functions as an auxiliary 
electrode. 

Fig. 8 shows a method for detecting partial dis- 



25 



30 



35 



40 



45 



so 



7 



EP 0 424 598 B1 



8 



charge in an insulation of an electric power cable which 
comprises a calibration signal generator 11 connected 
to terminals 95B of metal sheath members 95A insulated 
by an insulating barrel member 43 and connected to met- 
al sheaths 95 of power cables 1 , along with a detecting 
impedance 9. and a partial discharge detecting appara- 
tus 1 0 connected to the detecting impedance 9. 

Fig. 9 shows a circuitry structure in the fifth preferred 
embodiment, in which conductors 91 of the power cables 
1 are connected by a connecting sleeve 99, and capac- 
itors and C2 are formed between the conductors 91 
and the metal sheaths 95 insulated by the insulating bar- 
rel member 43. 

Fig. 10A shows an equivalent circuit corresponding 
to the circuitry structure in the fifth preferred embodi- 
ment, wherein like parts are indicated by like reference 
numerals as used in Fig. 9. 

In this equivalent circuit, it is assumed that the ca- 
pacitances Ci and C2 are equal to each other, a value Z 
of the detecting impedance 9 is much greater than an 
impedance Zci based on the capacitance 

and the capacitance is much greater than a capaci- 
tance Cq of of the calibration signal generator 11 (C^ » 

Cq). 

Thus, a voltage V2 applied across both terminals of 
the detecting impedance 9 is obtained in the below equa- 
tion (3). 



Here, Cq, C^, C2 and Vq are known or can be de- 
tected. 

Comparing the aforementioned equation (2) and the 
present equation (3), the below equation (4) is obtained. 

V2 = 2V, (4) 

provided that it Is assumed that C^ is C^. 

As understood from the equation (4), a high frequen- 
cy pulse can be detected by a level which is two times 
as compared to the conventional method. Furthermore, 
the attenuation caused by the propagation of the high 
frequency pulse through a long power cable line can be 
negligible. 

Where partial discharge occurs on the side of the 
capacitor C-, , the equivalent circuit of Fig. 1 0A is convert- 
ed to that of Fig. 10B. 

In the fifth preferred embodiment, it is assumed that 
Ci is C2, and Z is much greater than Z^i as explained 
before. Even if these conditions are not met, however, 
the calibration can correctly be realized by calculating a 
correcting term in accordance with the fundamental 
equation. 

Fig. 11 shows a method for detecting partial dis- 
charge in an insulation of an electric power cable in a 



sixth preferred embodiment, wherein like parts are indi- 
cated by like reference numerals as used in Fig. 8, ex- 
cept that a first pair of detecting electrodes 110 and a 
second pair of calibrating electrodes 120 are provided 
5 on the poly-vinyl chloride sheath 101 of the insulating 
joint 20 having the insulating barrel member 43 to be con- 
nected to the detecting impedance 9 and the calibration 
signal generator 1 1 , respectively. 

Fig. 12 shows a circuitry structure in the sixth pre- 
10 ferred embodiment, which is similar to that of Fig. 9. 

Fig. 1 3 shows an equivalent circuit corresponding to 
the circuitry structure of Fig. 12, wherein like parts are 
indicated by like reference numerals as used in Fig. 10A, 
except that capacitances C^^ and 0^2 capacitors 
IS formed by the detecting electrodes 110 and capacitanc- 
es Cp^ and Cp2 of capacitors formed by the detecting 
electrodes 120 are added to the circuit. 

Here, the capacitances Op-, and Cp2 are much great- 
er than the capacitance Cq (Cpi , Cp2 » Cq), respectively, 
and the detecting impedance Z is much greater than im- 
pedances Zcdi and ?cd2 

^odi = 25J?b^ • ^' 

so that the equivalent circuit of Fig. 1 3 is simplified in the 
form of the equivalent circuit of Fig. 10B. 

Practically, the capacitance Cq is approximately 10 
to 50 pF, so that the detecting electrodes 120 for the cal- 
ibration signal generator 1 1 are determined in size to pro- 
vide a capacitance value of approximately 500 to 1000 
pF, thereby resulting in the relation (Cp^, Cp2 » Cq). The 
same is applied to the relation (Z » Z^^^i , Z^.^), 

Although the invention has been described with re- 
spect to specific embodiment for complete and clear dis- 
closure, the appended claims are not to be thus limited 
but are to be construed as embodying all modlficatbn 
and alternative constructions that may occur to one 
skilled in the art which fairly fall within the basic teaching 
herein set forth. 



Claims 

1. Method for detecting partial discharge in an insula- 
tion of an electric power cable, said electric power 
cable having a metal sheath as conductive member, 
characterized by the steps : 

separating conductive member sections, on 
which a high frequency pulse is induced by said 
partial discharge. 

detecting said partial discharge by connecting 
a detecting impedance (9) between said sepa- 
rated conductive member sections; said detect- 
ing impedance (9) being connected to a partial 
discharge detecting apparatus (10). in which 
saki partial discharge is detected to diagnose a 



25 



30 



3S 



40 



4S 



SO 



5 



9 



EP 0 424 598 B1 



10 



degradation of said insulation, and 

connecting a calibration pulse generator in par- 
allel with said detecting impedance (9) to cali- 
brate said partial discharge detecting apparatus 
(10). 

2. Method as claimed in claim 1 , characterized in that 
said separated conductive member sections are 
metal sheaths (95, 96) separated in an insulation 
pint (20) of said electric power cable (1 ). 

3. Method as claimed in claim 2, characterized by a 
pair of detecting electrodes provided on a plastic 
anti-corrosion layer covering said separated metal 
sheaths (95, 96) and connected to said detecting 
Impedance (9). 

4. Method as claimed in claim 3, characterized by a 
pair of calibrating electrodes provided on said plastic 
anti-corrosion layer to be adjacent to said pair of said 
detecting electrodes, and connected to said calibra- 
tion pulse generator. 



Patentanspruche 

1; Verfahren zum Feststellen von Teilentladungen in 
der Isolierung eines elektrischen Starkstromkabels, 
wobei das elektrlsche Starkstromkabel eine metalll- 
sche HQile als leltendes Element hat, gekennzelch- 
net durch die Schritte: 

Trennen von Abschnitten des leitenden Ele- 
ments, auf denen ein Hochf requenzpuls durch 
die Teilenttadung induziert wird, 

Feststellen der Teilentladung durch Schalten ei- 
ner Erfassungsimpedanz (9) zwischen die ge- 
trennten Abschnitte des leitenden Elements; 
wobei die Erfassungsimpedanz (9) mit einer 
Feststellungsvon-ichtung (10) fur Teilentladun- 
gen verbunden 1st, in der die Teilentladung er- 
faBt wird. um eine Verschlechterung der Isola- 
tion zu diagnostizieren, und 

Schalten eines Kalibrierpulsgenerators parallel 
zu der Erfassungsimpedanz (9), um die Fest- 
stellungsvorrichtung (10) fur Teilentladungen zu 
kalibrieren. 

2. Verfahren nach Anspruch 1, dadurch gekennzeich- 
net, daB die getrennten Abschnitte des leitenden 
Elementes metallische Hullen (95, 96) sind, die in 
eIner Isolationsverblndung (20) des elektrischen 
Starkstromkabels (1) getrennt sind. 

3. Verfahren nach Anspruch 2, gekennzerchnet durch 



ein Paar Erfassungseleketroden, die auf einer Anti- 
korrosionsschicht aus Kunststoff vorgesehen sind, 
welche die getrennten metallischen Hullen (95, 96) 
uberdeckt, und die mit der Erfassungsimpedanz (9) 
s verbunden sind. 

4. Verfahren nach Anspruch 3, gekennzelchnet durch 
ein Paar Kalibrierelektroden, die auf der Antikorro- 
sionsschlcht aus Kunststoff so vorgesehen sind, 
10 da8 sie benachbart dem Paar Erfassungselektro- 
den liegen, und die mit dem Kalibrierpulsgenerator 
verbunden sind. 



IS Revendicatlons 

1 . Proc^dd pour mesurer une d^charge partlelte dans 
une isolation d'un cSble d'allmentation 6lectrlque, 
ledit cable d'allmentation ^lectrique ayant une gaine 

20 m^tallique servant d'organe conducteur. caract^risd 
par les etapes de: 

separation de sections d'organe conducteur, 
sur lesquelles une impulsion k haute frequence 

25 est induite par ladite d^charge partielle, 

mesure de ladite decharge partielle en connec- 
tant une impedance de mesure (9) entre lesdi- 
tes sections s6parees d'organes conducteurs ; 
ladrte impedance de mesure (9) 6tant connec- 

30 tee h un dispositif de mesure de decharge par- 

tielle (10). dans lequel ladite decharge partielle 
est mesur^e pour diagnostiquer une alteration 
de ladrte isolation, et 

connexion d'un gen^rateur d'impulsion d'^ta- 
3S lonnage en parall^le avec ladite impedance de 

mesure (9), pour etalonner ledit appareli de me- 
sure de decharge partielle (10). 

2. Procede selon la revendicatton 1 , caracterise en ce 
40 que lesdites sections separees d'organes conduc- 
teurs sont des galnes metalllques (95. 96) separees 
par une jonction d'Isolatlon (20) duditcSble d'allmen- 
tation eiectrique (1 ). 

45 3. Procede selon la revendicatlon 2, caracterise par un 
couple d'eiectrodes de mesure pr6vu sur une cou- 
ch e anticorrosion en mati^re plastique, recouvrant 
lesdites gaines metalliques (95. 96) separees et 
connectees k ladite impedance de mesure (9). 

so 

4. Procede selon la revendicatlon 3, caracterise par un 
couple d'eiectrodes d'etalonnage prevu sur ladite 
couche anticorrosion en matiere plastique de 
maniere k etre adjacent audit couple desdites elec- 
ts trodes de mesure et connecte audit generateur 
d'impulsion d'etalonnage. 
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